METHOD OF PARTIALLY EMBEDDING NON- WOVEN FIBER 

MAT TO REINFORCING FIBERS IMPREGNATED WITH A 
THERMOPLASTIC RESIN AND COMPOSITION THEREFROM 

CROSS-REFERENCE TO RELATED APPLICATION 
[0001] This application claims the benefit of United States Provisional Application Serial 

No. 60/267,499, filed February 8, 2001. 

BACKGROUND OF THE INVENTION 

Field of the Livention 

[0002] The invention relates to partially embedding through impregnation a non-woven 
fiber mat to a reinforcing fiber by fully impregnating the reinforcing fiber with thermoplastic 
and partially impregnating the non-woven fabric mat, thereby leaving exposed at least part of 
the surface of the non-woven mat for mechanical bonding. 
Description of Related Art 

[0003] Bonding to thermoplastic materials is currently accomplished by a variety of 
surface treatments that chemically modify the surface of the material, including chemical 
treatments of primers, flame treating or corona treating. 

[0004] Two problems arise fi:om using these methods. First, the process requires a second 
processing step that involves additional equipment and cost. Second, the bond is a chemical 
bond that occurs only at the surface of the interface with two materials. 
[0005] The prior art bonds a non-woven fiber mat or fabric to the surface of materials, such 
as steel or aluminum, using a variety of adhesives. The exposed fibers of the non-woven mat 
or fabric are then available for subsequent bonding. 

[0006] It is an object of this invention to provide a process for the mechanical attachment 
of a non-woven fiber mat onto the surface of a thermoplastic sheet to provide a means for the 
subsequent bonding of the thermoplastic sheet to a variety of materials using a variety of 
different processes. 



SUMMARY OF THE INVENTION 
[0007] To overcome or reduce these problems, the inventors have developed a process for 
partially embedding a non-woven fiber mat to the surface of a thermoplastic resin 
impregnated reinforcing fiber sheet. 

[0008] In one embodiment of the invention, a composite sheet is comprised of: 

a) a base layer of reinforcing fibers impregnated with a thermoplastic 

resin; 

b) a mat adjacent to the layer wherein the mat is made of a non-woven 

fiber; 

c) wherein the non-woven fiber mat is partially impregnated with the 
thermoplastic resin of the base layer thereby creating a mechanical bond between the base 
layer and the mat to provide a bondable surface with the non-impregnated surface of the non- 
woven fiber; and 

d) wherein the thermoplastic has a melting point less than the melting 
point of the reinforcing fibers in the base layer and less than the melting point of the non- 
woven fiber mat. 

[0009] Another embodiment of the invention is directed toward a method for partially 
embedding a non-woven fiber mat to a base layer of reinforcing fibers using thermoplastic 

resin to form a composite sheet having a bondable surface, wherein the method comprises the 
steps of: 

a) providing an impregnated base layer having reinforcing fibers with 
thermoplastic resin impregnated therein; and 

b) partially impregnating the non-woven fiber mat with the thermoplastic 
resin thereby mechanically bonding one side of the non-woven fiber mat to the thermoplastic 
resin impregnated within the base layer and forming a composite sheet having a mechanically 



bondable surface on the other side of the non-woven fiber mat, wherein the thermoplastic 
resin has a melting point of less than the melting point of the reinforcing fibers in the base 
layer and less than the melting point of the non- woven fiber mat. 

[0010] The impregnated base layer may utilize a pre-existing impregnated base layer with 
thermoplastic resin impregnated therein. 

[0011] The impregnated base layer may be formed by heating a non-consolidated 
thermoplastic resin and compressing the thermoplastic resin against the reinforcing fibers of 
the base layer. 

[0012] Also, the formation of the impregnated base layer and the step of partially 
impregnating the woven fiber mat may occur simultaneously. 

[0013] Yet another embodiment is directed to a composite sheet having at least one side 
with a mechanically bondable face. The composite sheet is produced by a method 
comprising the steps of: 

a) providing a base layer of reinforcing fiber impregnated with a 
thermoplastic resin and 

b) partially impregnating a non- woven fiber of mat with the thermoplastic 
resin fi-om the impregnated base layer thereby mechanically bonding one side of the non- 
woven fiber to the woven fiber and forming a composite sheet having a mechanically 
bondable surface on the other side of the non-woven fiber. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0014] Fig. 1 is a cross-sectional view of a composite sheet in accordance with the subject 
invention; 

[0015] Fig. 2 is a schematic of one process that may be utilized to manufacture the 
composite sheet in accordance with the subject invention; 
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[0016] Fig. 3 is a schematic of another process that may be utihzed to manufacture the 
composite sheet in accordance with the subject invention; 

[0017] Fig. 4 is a schematic of yet another process that may be utihzed to manufacture the 
composite sheet in accordance with the subject invention; 

[0018] Fig. 5 is a schematic of yet another process that may be utihzed to manufacture the 
composite sheet in accordance with the subject invention; 

[0019] Figs. 6-9 represent processes similar to those illustrated m Figs. 2-5, however, 
introduce schematics of hardware that may be used to heat and cool the composite sheet at 
i-* the appropriate times; 

|3 [0020] Fig. 10 is a schematic illustrating hardware and an alternate location for such 

hardware to heat and cool the composite sheet m accordance with the subject invention; and 
|J [0021] Figs. 11-13 are schematic drawings illustrating a process whereby one or more of 
Q the reinforcing fiber of the base layer, the thermoplastic resin, and the non-woven fiber mat 
a may be introduced to the process as a pellet or chopped fiber composition, 
g DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0022] For assistance in understanding the figures, the base layer has been designated "B," 
the thermoplastic layer designated "T" and the non-woven fiber layer designated "N." 
Furthermore, the location of the heaters ^d coolers have been designated with "H" and "C", 
respectively. 

[0023] Fig. 1 illustrates a cross-sectional view of a composite sheet 10 having a base layer 
15 of reinforcing fiber 20 impregnated with a thermoplastic resin 25. A non-woven mat 30 
adjacent to the layer is made of a non-woven fiber 35. The non-woven fiber mat 30 is 
partially impregnated with the thermoplastic resin 25 of the base layer 15, thereby creating a 
mechanical bond between the base layer 15 and the mat 30 and thereby providing a bondable 
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surface with exposed non-impregnated surface 40 of the non-woven fiber 35 for subsequent 
bonding by a variety of adhesives or in a foaming process. 

[0024] The thermoplastic resin 25 has a melting point less than the melting point of the 
reinforcing fibers 20 in the base layer 15 and, furthermore, has a melting point less than the 
melting point of the non-woven fibers 35 within the mat 30. As can be seen, the 
thermoplastic resin 25 impregnates only a portion of the non-woven fiber 35 in the mat 30, 
and mechanically attaches the non-woven fibers 35 to the thermoplastic resin 25. 
[0025] While Fig. 1 illustrates reinforcing fibers 20 in a continuous woven pattern, it is 
entirely possible for the reinforcing fibers 20 to be either woven or non-woven fibers. 
Additionally, the reinforcing fibers 20 may be assembled in a pattern of woven mat, chopped 
mat, random mat, or randomly scattered fibers. Therefore, it is possible for the reinforcing 
fiber 20 in the base layer 15 to be made up of either continuous or discontinuous fibers. 
Reinforcing fibers 20 comprised of woven mat, chopped mat, random mat, and randomly 
scattered fibers are commonly impregnated with thermoplastic resin and sold commercially 
as fabrics by such companies as Saint Gobain Vetrotex America under the trademark Twintex 
and firom Johns Maiville, and as sheets fi-om companies such as Azdel, Inc., Quadrant, and 
American Made, LLC. Additionally, the reinforcing fiber 20 in the base layer 15 may be 
made fi-om many different materials, including fiberglass, carbon, aramide, nylon, polyolefin 
and natural fibers such as flax, cellulose and wood. 

[0026] Directing attention to the thermoplastic resin, the resin may be selected from 
commercially available thermoplastic resins, including ABS, nylon, polyester, polyolefin, 
polypropylene, PVC and polystyrene. As will be discussed further, the tiiermoplastic resin 
will be heated to at least its melting point. However, prior to being heated, the thermoplastic 
resin may be in the form of film, sheet, pellets, or particles. 



[0027] The non-woven fiber 35 of the mat 30 may be comprised of, among others, 
fiberglass, polyester, or nylon. Additionally, the non-woven fiber 35 may be combined to 
form a sheet and such combination may be accomplished using a technique such as 
spunbond, point bond, flat bond or needle punch. 

[0028] The non-woven fiber 35 is preferably impregnated within the thermoplastic resin 25 
fi-om the base layer 15 such that between 25 to 75 percent of the non-woven fiber 35 is 
submerged within the thermoplastic resin 25. It can be appreciated that the portion of non- 
woven fiber 35 that is not impregnated will extend fi:om the base layer 15, thereby providing 
a surface with fibers exposed for subsequent binding operations. By creating a bondable 
surface in such a fashion, it is possible now to use urethane foams and/or adhesives to attach 

ESS I 

Ifi the exposed non-woven fibers 35 of the mat 30 to another element. 

|=»H= [0029] While a variety of different materials have been listed as materials for the 
S reinforcing fibers 20 of the base layer 15, the thermoplastic resin 25 and for the non-woven 
W- fiber 35 of the mat 30, it should be appreciated that only certain combinations of these 
materials are acceptable. In particular, the thermoplastic resin 25 used to create the 
composite sheet 10 must have a melting point less than the melting point of the reinforcing 
fibers 20 of the base layer 1 5, and must have a melting point less than the melting point of the 
non-woven fiber 35 of tiie mat 30. In such a fashion, the thermoplastic resin 25 may be 
heated to its melting point and the reinforcing fibers 20 of the base layer 15 and the non- 
woven fibers 35 of the mat 30 may be selectively impregnated. 

[0030] In preferred embodiments of the subject invention, the reinforcing fibers 20 of the 
base layer 15 and the thermoplastic resin 25 may be one pair fi-om the group of pairs 
consisting of fiberglass fibers with polypropylene thermoplastic resin, carbon fibers with 
polypropylene thermoplastic resin, aramide fibers with nylon thermoplastic resin, polyester 
fibers witii polypropylene thermoplastic resin, and polyolefin fibers with polyolefin 
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thermoplastic resin. It should be noted that certain polyolefin materials, depending upon 
additives, melt at a higher temperature than other polyolefin materials. 
[0031] When the non-woven fibers 35 of the mat 30 are comprised of fiberglass, the 
overall density of the mat 30 should be between 1,5 ounces per square yard to 6.0 ounces per 
square yard and, preferably, for polyester or organic fibers should be between 0.75 ounces 
per square yard to 3.0 ounces per square yard. 

[0032] There are a multitude of different methods that may be employed to form the 
composite sheet 10. A key element to each of these methods is the necessity to heat the 
thermoplastic resin in whatever form the thermoplastic resin may take, to a temperature 
O above the melting point of the thermoplastic resin such that it may impregnate the reinforcing 
Itl fibers of the base layer and may furthermore impregnate the non-woven fibers of the mat. 
;=f The reinforcing fibers of the base layer will be fully impregnated, and the non-woven fibers 
of the mat will not be fully impregnated to ensure at least a portion of the fibers are 
'A protruding above the thermoplastic resin to provide a bondable surface for other materials to 
r| be adhered to the composite sheet. With a pre-existing sheet of a fully impregnated base 
layer, the heated thermoplastic resin should be compressed against the non-woven fabric of 
the mat. In the case where the thermoplastic resin and reinforcing fibers of the base layer 
have not yet been impregnated, then the thermoplastic resin may first be heated and 
impregnate the reinforcing fibers of the base layer, or may be heated and impregnate 
simultaneously both the reinforcing fibers of the base layer and the non-woven fabric of the 
mat to form a composite sheet. After the composite sheet has been formed, it is necessary to 
cool the sheet and, in an effort to reduce the cooling time, external cooling devices may be 
used upon the composite sheet. 

[0033] In accordance with the subject invention, the method for partially embedding a 
non-woven fiber mat 30 to a base layer 15 of reinforcing fibers using thermoplastic resin 25 
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to form a composite sheet 10 may be done in a number of different ways. As will be 
discvissed, the process may begin with a pre-existing impregnated base layer, which is then 
laminated with a non-woven fiber mat to form the composite sheet. In the alternative, a non- 
consolidated thermoplastic resin may be heated and compressed against the base layer to 
form an impregnated base layer, which is then combined with the non-woven fiber mat. 
Finally, it is possible to heat and compress, between a base layer and a non-woven fiber mat, 
a thermoplastic resin thereby simultaneously impregnating both the base layer and the non- 
woven fiber mat. 

[0034] Directing attention to Fig. 2, a pre-existing resin-impregnated base layer 45 may be 
in the form of a sheet 47 which, as previously mentioned, is commercially available firom a 
number of different suppUers. A supply roll 100 of non-woven fiber in the form of a sheet 37 
is compressed with an impregnated sheet 47 between two pressure rollers 105 A, 105B, to 
form a composite sheet 10. The impregnated base layer sheet 47 may be heated before or 
during compression with the non-woven fiber sheets 37. After the composite sheet 10 is 
formed by passing through the rollers 105 A, 105B, the sheet 10 should be cooled to a 
temperature below that of the melting point of the thermoplastic resin. 
[0035] In accordance with another embodiment of the subject invention, and directing 
attention to Fig. 3, a base layer 15 of reinforcing fibers in the form of a sheet 22 is provided 
by supply roll 1 1 0, while thermoplastic resin in the form of the sheet 27 is provided by supply 
roll 115. The sheet 22 of the base layer 15 is compressed against the sheet 27 of 
thermoplastic resin 25 between two pressure rollers 120A, 120B, where the thermoplastic 
sheet 27 impregnates the base layer sheet 22. The thermoplastic sheet 27 must be heated 
before or during compression by the pressure rollers 120A, 120B to a temperature above the 
melting point of the resin 25, but below the melting point of the reinforcing fibers of the base 
layer 15. The impregnated base layer 45 is now introduced to a second set of pressure rollers 
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125 A, 125B, where a sheet 37 of a non-woven fiber 35 is provided firom a supply roll 130. 
The non-woven fiber sheet 37 is compressed against the heated impregnated base layer 45 
such that the non-woven fiber sheet 37 becomes partially impregnated with the resin from the 
impregnated base layer 45. Just as before, the impregnated base layer 45 may be heated 
before or during compression by the pressure rollers 125 A, 125B. The temperature must be 
above the resin melting point, but below the melting point of both the reinforcing fibers of the 
base layer 15 and the non-woven fibers 30 of the sheet 37. Thereafter, the resulting 
composite sheet 10 may be cooled to a temperature below the melting point of the 
thermoplastic resin. 

CI [0036] While Fig. 3 illustrates a base layer sheet 22 provided by a supply roll 110, and a 

Wf 

^ separate non-consolidated thermoplastic sheet 27 provided by supply roll 115, as illustrated 
:S| in Fig. 4, it is possible for a non-consolidated thermoplastic resin to be woven with the 
;^ reinforcing fiber of the base layer whereby the fibers in each layer form threads which are 
111 commingled to form a single non-consolidated sheet 55 provided by supply roll 130. Just as 
ig the separate and distinct base layer sheet 22 and thermoplastic sheet 27 were heated and 
ry compressed by opposing rollers 120A, 120B in Fig. 3, so too may the non-consolidated sheet 
55 be heated and compressed by rollers 120A, 120B to form an impregnated base layer 45, 
which may proceed to be processed in the same manner as that of impregnated base layer 45 
discussed in Fig. 3 to produce a composite sheet 10. 

[0037] Directing attention to Fig. 5, in yet another embodunent, the step of providing an 
impregnated base layer, and the step of partially impregnating the non-woven fiber sheet 37, 
may occur simultaneously. The sheet 27 of tiiermoplastic resin may be heated and 
compressed simultaneously between the sheets 22 of the base layer and the sheet 37 of the 
non-woven fiber 35, such that the base layer sheet 22 is fiilly impregnated and the non-woven 
fiber sheet 37 is partially impregnated. The thermoplastic resm sheet 27 may be heated prior 
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to or during the compression by pressiire rollers 135A, 135B of these layers to produce a 
composite sheet 10, which may subsequently be cooled to a temperature below the melting 
point of the thermoplastic resin. 

[0038] The thermoplastic resin may be heated by convection using, for example, hot air; 
conduction using, for example, heated rollers or belts; and radiation using, for example, 
infrared heaters, or a combination of these. Figs. 6-9 illustrate methods of heating and 
cooling for arrangements similar to those illustrated in Figs. 2-5. 

[0039] Fig. 6 illustrates an arrangement similar to Fig. 2 with the introduction, however, of 
a double belt press 137 to promote lamination between the impregnated base layer sheet 45 
j^- and the sheet 37 of non-woven fiber provided from supply roll 100. Three pairs of opposing 
.Jj pressure rollers 140A, MOB; 142A, 142B; and 145A, 145B operate a top beU 147 and a 
Q bottom belt 150, which are spaced from one another a distance sufficient to permit the 
impregnated base layer sheet 45 and non-woven fiber sheet 37 to pass therebetween in a 
Ill compressed state. Heating sections 152A, 152B are located adjacent to the inner portions of 
p the top belt 147 and bottom belt 150 to apply heat to the impregnated base layer sheet 45 and 
^ V non-woven fiber sheet 37. Under these circumstances, heat is transmitted to the compressed 
sheets by heat conduction through the top belt 147 and the bottom belt 150. Once the non- 
woven fiber sheet 37 is partially impregnated within the base layer sheet 22, then the 
composite sheet 10 may be cooled utilizing coohng sections 155 A, 155B. Typically, cooling 
will be accompUshed through conduction through the top belt 147 and the bottom belt 150, or 
convection against the composite sheet 10. 

[0040] It should be appreciated that any number of conventional methods for heating or 
cooling the composite sheet 10 may be utihzed and those discussed herein may be preferred, 
however, they are only exemplary of other methods that are known by those skilled in the art 
of molding thermoplastics. 
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[0041] Figs. 7, 8 and 9 are similar to Figs. 3, 4 and 5 with the introduction of heating and 
cooling mechanisms similm- to those in Fig. 6. For that reason, the same reference numerals 
for the belts and heat sections described in Fig. 6 are also used in Figs. 7-9 and the process 
associated with Figs. 3-5, which has already been described, is applicable to the arrangements 
illustrated in Figs. 7-9. The double belt press 137 may be used at two locations in the process 
to heat and cool the sheets. 

[0042] It has been previously mentioned that the thermoplastic resin may be heated before 

or during compression with either the base layer or the non-woven fiber mat. 

[0043] Fig. 10 illustrates an arrangement whereby the base layer sheet 22 supplied from 

I 

W pressure roll 130 is exposed to heating sections 160A, 160B prior to being compressed 
against the sheet 37 of non-woven fiber provided by supply roll ICQ. Upon being compressed 

Si 

Q by opposing pressure rollers 165 A, 165B, the composite sheet 10 is cooled by cooling 
sections 170 A, 170B, which operate as previously discussed cooling sections. Heating the 
ill thermoplastic resin prior to compression with either the base layer sheet 22, or the non-woven 

1^ fiber sheet 37 may occur for different embodiments described herein. 

pi 

[0044] Heating and compression of the base layer, the thermoplastic resin, and the non- 
woven fiber mat under circumstances whereby each of these materials is provided in a sheet 
form has been discussed. 

[0045] However, it is entirely possible for the materials to be in a form other than a sheet. 
In particular, the thermoplastic resin, prior to heating, may be in the form of pellets or 
particles. Furthermore, the base layer, prior to heating, may be in the form of discontinuous, 
chopped, or r^dom fibers, which may be formed mto a sheet only after being impregnated 
with the thermoplastic resin. Finally, it is entirely possible for the non-woven fabric to be 
made up of discontinuous, chopped, or random fibers that are impregnated within the 
thermoplastic resin to form a sheet. These features are highlighted in Figs. 11-13. 
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[0046] Fig. 1 1 illustrates an arrangement whereby the reinforcing fibers of the base layer 
are in the form of discontinuous, chopped, or random fibers illustrated as short lines labeled 
200. The chopped fiber 200 intended as the base layer may be commingled with thermal 
plastic resin in the form of pellets or particles illustrated by dotted lines identified as 205. 
The chopped fibers 200 of the base layer and the particles 205 of the thermoplastic resin are 
dispersed upon a sheet 37 of non-woven fiber provided firom supply roll 100. The sheet 37 of 
non-woven fiber is supported and transported by a carrier belt 210 to a double belt press 137, 
at which time the chopped fibers 200 of the base layer, the thermoplastic particles 205, and 
the sheet 37 of non-woven fibers is compressed and heated by the double belt press 137 
arrangement utilizing the top belt 147 and the bottom belt 150, and the associated rollers 
heating sections and cooling sections previously discussed with, for example, the discussion 
of Fig. 6, to produce a composite sheet 10. 

[0047] In the alternative and, as illustrated in Fig. 12, a sheet 37 of non-woven fiber from 
supply roll 100 may be used in conjunction with a sheet 22 of reinforcing fibers provided 
fi-om supply roll 110 to produce a composite sheet 10. Under such circumstances, 
thermoplastic particles 205 are dispersed upon the surface of sheet 37 of non-woven fiber 
supported and transported on carrier belt 210, and thereafi;er, a base layer sheet 22 is 
compressed against the sheet 37 of non- woven fiber and additional thermoplastic particles 
205 are dispersed upon the upper surface of the sheet 22. At this point, the base layer sheet 
22, thermoplastic particles 205 and non-woven fiber sheet 37 are heated and compressed in a 
fashion as previously discussed to produce a composite sheet 10. It should be noted that it is 
also possible to heat and compress the thermoplastic particles 205 and the sheet 37 of non- 
woven fiber prior to heating and compressing together all of the sheet 37, resin 205 and sheet 
22. 
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[0048] Additionally, as illustrated in Fig. 13, it is entirely possible to utilize a sheet 27 of 
thermoplastic resin provided by supply roller 115, whereby chopped, non- woven fiber, 
indicated by dashes labeled as 215, is dispersed upon carrier belt 210 and compressed against 
the sheet 27 of thermoplastic resin. Thereafter, chopped fibers of base layer material 200 are 
added to the upper surface of the sheet 27 of thermoplastic resin and the combination is now 
compressed and heated by the double belt press 137 arrangement illustrated by top belt 147 
and bottom belt 150 previously discussed to produce a composite sheet 10. 
[0049] Finally, while Fig. 1 1 and Fig. 12 illustrate arrangements whereby the non-woven 
fiber is in the form of a sheet, it is entirely possible for the non-woven fiber to be chopped 
and then impregnated with the heated thermoplastic resin. Such an arr^gement may be 
envisioned by slightly modifying Figs. 6-9 such that the non-woven fiber sheet 37 is 
introduced into the process as chopped fiber. 

[0050] In order to partially impregnate the non-woven fiber into the thermoplastic, it is 
important to control the temperature to which the thermoplastic resin is exposed. For 
example, the temperature apphed to the non-impregnated side of the non-woven fiber should 
be closely controlled relative to the temperature applied to the base layer side of the 
composite sheet 10. For thick materials in the range of 0.100 inch to 0.200 inch, the 
temperature applied to the non-woven fiber side of the composite sheet 10, can be 5-15° 
centigrade lower than the temperature of the opposing side. As an example, a typical 
temperature setting for thermoplastic polypropylene would be from 200-215° centigrade for 
the non-woven fiber side and 210-230° centigrade for the base layer side. In the case of thin 
material having a thickness of between 0.020 inch to 0.100 inch, the same temperature can be 
applied to both sides of the composite sheet 10. A typical temperature range for thin 
materials may be between 200-220° centigrade. 
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[0051] Furthermore, a controlled pressure should be apphed to the materials to force the 
thermoplastic resin into the non-woven fiber mat. The roller pressure applied must be less 
than about 100 pounds per inch of width to prevent total impregnation of the non-woven fiber 
mat. Typically, the pressure applied to the composite sheet 10 ranges firom 5 pounds per inch 
of width to 50 pounds per inch of width. The pressure can vary based on the type and area 
weight of the non-woven fiber mat, and the thickness of the impregnated base layer. A 
typical composite thickness of 0.050 inch using a 1.5 ounce per square yard point bonded 
polyester non-woven fiber mat would be subjected to a pressure of about 33 pounds per inch. 
[0052] As previously discussed, the final step in creating a composite sheet 10 is cooling 
the thermoplastic resin below its melting point. After the thermoplastic resin has sohdified, 
the fibers in the non-woven fiber mat are mechanically bonded to the thermoplastic resin 
embedded within the base layer. This creates a bondable surface with the fibers extending 
fi-om the resin that can be subsequently bonded to other materials, such as plastics, foams and 
metals. 

[0053] While specific embodiments of the invention have been described in detail, it will 
be appreciated by those skilled in the art that various modifications and alternatives to those 
details could be developed in light of the overall teachings of the disclosure. The presently 
preferred embodiments described herein are meant to be illustrative only and not limiting as 
to the scope of the invention which is to be given the full breadth of the appended claims and 
any and all equivalents thereof. 
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